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Description 

FIELD OF THE INVENTION 

The present invention relates to means tor monitor- 
ing the level of glucose in blood and bodily tissues. Par- 
ticularly, the invention relates to a system for monitoring 
glucose with glucose sensitive cells that produce an 
electrical response to glucose levels in their surrounding 
medium which is then used to determine the blood glu- 
cose level, to administer insulin or to take other meas- 
ures to alter the blood glucose level , such as diet 
adjustment. 

BACKGROUND OF THE INVENTION 

Diabetes is a metabolic disorder that afflicts tens of 
millions of people in the developed countries of the world, 
with many millions more probably affected in underde- 
veloped nations. Diabetes results from the inability of the 
body to properly utilize and metabolize carbohydrates, 
particularly glucose. Normally, the finely-tuned balance 
between glucose in the blood and glucose in bodily tis- 
sue cells is maintained by insuiin, a hormone produced 
by the pancreas which controls, among other things, the 
transfer of glucose from blood into body tissue cells. 
Upsetting this balance causes many complications and 
pathologies including heart disease, coronary and 
peripheral artery sclerosis, peripheral neuropathies, ret- 
inal damage, cataracts, hypertension and coma and 
death from hypoglycemic shock. 

In patients with insulin-dependent diabetes, the 
symptoms of the disease can be controlled by adminis- 
tering additional insulin (or other agents that have similar 
effects) by injection or by external or implantable insulin 
pumps. The "correct" insulin dosage is a function of the 
level of glucose in the blood. Ideally, insulin administra- 
tion should be continuously readjusted in response to 
changes in blood glucose level. However, at present, 
blood glucose levels can only be determined directly by 
a blood sample. Unfortunately, since drawing the sample 
is invasive, blood glucose is usually only determined 
once daily or less often. As a result, insulin dosage is not 
optimally coordinated with blood glucose levels and com- 
plications can continue to be manifested. It would, there- 
fore, be desirable to provide non-invasive means for 
more closely monitoring blood glucose levels and coor- 
dinating insulin dosages with such levels. 

Many attempts have been made to develop a reliable 
less invasive or non-invasive way to measure blood glu- 
cose level. One of the most widely used methods has 
been measurement of glucose excreted in the urine, 
which is under certain conditions an indicator of blood 
glucose concentration. In its most convenient form, a 
"dipstick," which has been coated with chemical rea- 
gents, is dipped into a urine sample. Glucose in the urine 
then reacts with the chemical reagents on the dipstick to 
produce a color change which corresponds to the appro- 
priate range of concentration. The level of urine glucose 



is then correlated with blood levels on the, basis of sta- 
tistical data and previous experience with the specific 
patient However, urine testing has presented several 
drawbacks. Foremost, is the tenuous link between urine 

5 glucose level and blood glucose levels. Although general 
trends in blood levels within a certain range are usually 
reflected in urine levels, moderate or periodic fluctua- 
tions of blood levels may not be reflected in urine content. 
Therefore, any dosage change made on the basis of 

ro urine analysis is not finely-tuned to blood levels. Further- 
more, other substances in urine can cause inaccuracy 
in measurement by interfering with chemical reactions 
necessary to produce the color change on the dipstick. 
Finally, like blood sampling urine analysis can only be 

75 performed at relatively widely spaced intervals when the 
patient produces urine for analysis. 

Other systems have been proposed for monitoring 
blood glucose levels by implanting a glucose sensitive 
probe into the patient. Such probes have measured var- 

20 ious properties of blood or other tissues, including optical 
absorption, electrochemical potential, and enzymatic 
products. U.S. Patent Nos. 4,436,094 and 4,704,029 dis- 
close two examples of blood glucose level probes. U.S. 
Patent No. 4,436,094 utilizes an implantable electrode 

25 which contains a charged carbohydrate species which, 
in the absence of glucose, is bound to a component of 
the electrode and does not affect the potential measured 
by the electrode. In the presence of glucose, however, 
charged carbohydrate is displaced from the binding com- 

30 ponent by molecules of glucose, and as a result of its 
charge, affects the potential measurement by the elec- 
trode. The measured potential can then be correlated to 
the concentration of glucose. 

U.S. Patent No. 4,704,029 discloses an implantable 

35 glucose monitor that utilizes a refractometer which 
measures the index of refraction of blood adjacent to an 
interface with the transparent surface of the refractome- 
ter by directing laser light at the interface to measure the 
index of refraction of the blood by the amount of radiation 

40 reflected at the interface. As the blood glucose concen- 
tration increases, the index of refraction of Wood 
increases. By comparing the intensity of the light 
reflected by the blood with the intensity of light before 
contact in the blood, glucose concentration can be deter- 

45 mined. 

Another approach to tying blood glucose levels to 
insulin dosage has centered around the implantation of 
pancreatic cells which produce insulin in response to 
changes in blood glucose levels as shown for example 

so in Altman et al., Diabetes 35:625-633 (1 986): Recordi et 
al. ; Diabetes 35:649-653 (1986); Amsterdam et al., J. 
Cell Biol. 63:1037-1056 (1974); Brown et al.. Diabetes 
25:56-64 (1976); Carrington et al., J. Endocr. 109:193- 
200 (1986); and Sonersoh et al.. Diabetes 32:561 -567 

55 (1983). Altman et al. were able to maintain normal blood 
glucose levels in diabetic mice by implanting cells (1) in 
area impermeable to antibodies, (2) suppressing the 
immunogenecity of the implantable cells in tissue culture 
before the implantation and (3) enclosing the cells in a 
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capsule that was impermeable to antibodies. However, 
the implantation methods of Altman et al. and others are 
severely limited by the availability of large enough 
masses of cells for effective implantation and by the abil- 
ity to reliably get insulin production over extended peri- £ 
ods after implantation. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, systems 
are disclosed with implanted glucose sensitive living 
cells to monitor blood glucose levels by monitoring glu- 
cose levels in body tissues in which the glucose level is 
in equilibrium with that of the blood. In this respect, the 
implanted cells are similarly situated to endogenous 
insulin secreting glucose sensitive cells. The implanted 
cells produce a detectable electrical or optical signal in 
response to changes in glucose concentration in sur- 
rounding tissue. The signal is then detected and inter- 
preted to give a reading indicative of Wood glucose 
levels. This reading can then be used as a basis for alter- 
ing insulin or other drug dosage for injection, as a basis 
for giving instructions to an external implanted insulin 
pump to alter the amount of insulin delivered by the 
pump, or as a basis for taking other corrective measures, 
such as altering diet. As a result, blood sugar levels can 
be more closely monitored and controlled in a noninva- 
sive way and insulin dosage can be more closely tailored 
with concomitant control of symptoms associated with 
diabetes. 

A system for monitoring tissue and blood glucose 
level is disclosed which comprises glucose sensitive 
cells which are capable of producing a signal in response 
to changes in glucose concentration in the medium sur- 
rounding the cells The signal produced can either be 
electrical or optical. In certain embodiments, the cells are 
contained in a capsule which is constructed from a mem- 
brane or similar substance which is impermeableto anti- 
bodies, yet permeable to nutrients to keep the cells alive. 
The capsule can also be fitted with means for collecting 
the signals produced by the cells. 

In instances where the signal is electrical, these col- 
lecting means can be metal electrodes which are placed 
in contact with the cells such that the signal produced by 
the cells can be measured as a potential difference 
between the electrodes. The system can further include 
an implanted signal pickup device which is connected to 
the electrodes in the capsule for processing (e.g. , ampli- 
fying and modulating) the signal for later transmission 
through the body surface, such as the skin, or for trans- 
mission to an external or implanted insulin pump. Once 
the signal is process the pickup device passes the signal 
on to means for transmitting the processed signal. In 
other embodiments, the implanted cells produce an elec- 
trical signal which can be detected by external electrodes 
without employing electrodes in the capsule or an 
implantable signal pick-up device. 

In instances where the signal is optical, the signal is 
produced by a change in the optical qualities of the cells 



or specifically the membranes containing the implanted 
cells. Preferably the signal is produced by dyes con- 
tained within or coated on cellular membraneswhich will 
change the optical properties of the cells in response to 
. changes in electrical activity of the cell. This change in 
optical quality can be detected through relatively trans- 
parent body surfaces, such as thin skin layers or finger- 
nails. Alternatively, the optical change can be measured 
by an implanted optical detector which processes the 
detected signal much as the implanted pick-up device 
previously described processes electrical signals. The 
processed signal can be used to control an insulin pump 
or transmitted through the skin for external detection. 

The electrical signal or the optical signal is detected 
through the skin by an external sensor and then corre- 
lated to a corresponding blood glucose level. The sensor, 
includes means for detecting the signal, means for 
processing such signal and correlating it to the corre- 
sponding blood glucose level, and output means for 
reporting or relating the blood glucose level as deter- 
mined. 

Alternatively, the implanted signal pickup device can 
pass a processed signal on to an implanted insulin pump, 
which, in response to such signal, delivers an appropri- 
ate dosage of insulin corresponding to the determined 
blood glucose level. 

Capsules for use in practicing the present invention 
are also disclosed which comprise a membrane which is 
impermeable to antibodies and is permeable to nutrients 
necessary for cell growth. Glucose sensitive cells are 
enclosed within the membrane, along with electrodes in 
contact with the cells such that changes in the electrical 
activity of the cells can be detected as a potential differ- 
ence between the electrodes. 

Alternatively, in place of the electrodes, the capsules 
can enclose means for "snorting-out". the interior of the 
capsule with respect to the exterior of the capsule such 
that the electrical activity of the cells is optimally dissi- 
pated on the exterior of the capsule. As a result, the elec- 
trical activity will be maintained at a level which can be 
detected by appropriate sensing means. 

Capsules ore also disclosed which contain glucose 
sensitive cells which have been treated such that the cel- 
lular membranes of the cells are coated with dyes which 
are sensitive to change in cellular membrane potential. 

Finally, methods of monitoring the blood glucose 
level employing the system of the present invention are 
disclosed. Basically, those methods comprise the use of 
implantable glucose-sensitive living cells, detecting the 
signal produced by the cells in response to levels and/or 
changes in glucose concentration and correlating that 
signal with the corresponding blood glucose level. Meth- 
ods of administering glucose are also disclosed which 
comprise administering a level of insulin (or other cor- 
recting agent) appropriate to the blood glucose level 
determined in accordance with the methods disclosed 
herein. Such insulin can be either administered manually 
or by operation of an external or implanted insulin pump 
which is connected to the detecting and monitoring sys- 
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tern. It is understood that other therapeutic agents which 
will alter blood glucose levels, such as those sold under 
the tradenames "Die Beta" (glyburide; Hoechst-Rous- 
sel), "Glucontrol" (glipizide, Pfizer) and "Diabinese" 
(chlorpropamide; Pfizer), can be substituted for insulin 5 
as described herein. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a schematic representation of the com- 
ponents and operation of a system of the present inven- 
tion. 

Figure 2 depicts bursts of spiked electrical activity 
produced by pancreatic beta cells in response to various 
glucose concentrations. 

Figure 3 contains graphs of electrical activity of six 
different preparations of beta ceils in response to varying 
glucose concentration. 

Figures 4 and 5 are schematic representations of the 
electrical components of systems of the present inven- 
tion. 

Figures 6A, 6B and 7 depict possible arrangements 
of the components of a system of the present invention 
with respect to the skin. 

Figure 8 depicts one embodiment of a system of the 
present invention that utilizes an optical signal. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 schematically describes one embodiment 
of a system of the present invention which is described 
in further detail below. As shown aHhe upper right of 
Figure 1 , glucose diffuses from the bloodstream into the 
extracellular space in bodily tissues. Eventually the glu- 
cose diffuses to implanted glucose sensitive cells which 
are a part of the system of the present invention. The 
implanted cells respond by exhibiting electrical activity, 
such as a change in membrane potential, commensurate 
with the concentration of glucose in the extracellular 
space. 

The electrical activity can be detected or monitored 
in one of two ways. Where the electrical activity is strong 
enough to be detected through a body surface (e.g. lay- 
ers of skin), the electrical activity is detected directly by 
an external signal sensor. Alternatively, the electrical as 
activity is monitored by an implanted signal pickup 
device. The pickup device processes and amplifies the 
electrical activity. The amplified signal is then transmitted 
through a body surface (such as the skin) and is detected 
by the external signal sensor. 

The external signal sensor contains or is connected 
to a decoder or microprocessor that interprets the signal. 
The decoder correlates the signal with blood glucose 
concentration on the basis of an algorithm and pro- 
grammed information relating to the correlation between 55 
blood glucose levels ^and glucose levels a1 the implanta- 
tion site for the patient in which the system is implanted. 
For example, the microprocessor can be programmed to 
correlate a glucose concentration of 20mM at the implan- 



tation site with a concentration of 22mM in the Wood on 
the basis of prior and periodic blood sampling. Once the 
signal has been correlated and translated into a reading 
of the blood glucose concentration, the concentration 
information is used in one of two ways. First, the. infor- 
mation can be displayed for reading by the patient or a 
person caring for the patient. On the basis of the dis- 
played concentration, the correct insulin dose can be 
administered or diet can be adjusted. Alternatively, the 
concentration information is fed into an insulin pump, 
external or implanted that infuses the correct insulin dos- 
age on the basis of the determined blood glucose level. 
. The concentration information can also be fed to. other 
devices (such as automatic liquid feeding apparatus) 
which will take corrective action on the basis of such 
information. 

The systems of the present invention utilize glucose 
sensitive living cells as sensors of the blood sugar levels 
either directly (by implantation in the bloodstream) or 
indirectly (by implantation in tissues in equilibrium with 
blood glucose levels). Any cell type that produces a 
detectable electrical activity in response to changes in 
glucose concentration in the surrounding environment 
can be used in practicing the present invention. 

Beta cells from the islets Of Langerhans in the pan- 
creas are preferred glucose sensitive cells. Beta cells 
have been shown to produce electrical activity, action 
potentials, in response to glucose concentration and 
have the advantage that they respond properly to glu- 
cose in the concentration range relevant to patient mon- 
itoring, Scott et al., Diabetologia 21:470-475(1981); 
Pressel et al., Biophys. J. 55:540a (1989); Hidalgo et al.; 
Biophys. J. 55:43a (1989); Atwater et al., Biophys. J. 
55:7a (1980). Beta cells respond to glucose in bursts of 
spikes of electrical activity. The spike frequency burst 
duration and pauses between bursts are all functions of 
glucose concentration. Figures 2 and 3 present data 
relating to the electrical activity of beta cells. . As shown 
in Figure 2. the burst duration increases as glucose con- 
centration increases. The pause between bursts also 
decreases as glucose concentration increases. In Figure 
3, the spike frequency (spikes/second) increases as glu- 
cose concentration increases. Each of these parameters 
(burst duration, pause duration and spiek frequencexx), 
as well as spike shape, can be monitored alone or in 
combination as a source of signal corresponding to cel- 
lular electrical activity. It has also been established that 
the beta cells are electrically coupled, resulting in syn- 
chronized electrical activity of the cells. Eddlestone et al., 
J. Membrane Biol. 77:1-141 (1984), Meda et al.. Quar- 
terly J. Exper. Physio. 69:719-735(1984). Therefore, in 
response to a change in the glucose concentration many 
cells fire their action potentials or electric signals in syn- 
chrony, producing a significantly amplified signal which 
is easier to detect. 

Methods of isolating beta cells are described in the 
references cited in th preceding paragraph and in 
Amsterdam et al., J. Cell Biol. 63:1037-1056 (1979); 
Ricordi et al.. Diabetes 35:649-653 (1986); and Car- 
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rington et a!., Endocr. 109:193-200 (1986). In addition, 
any other method for isolating beta cells can be used 
which preserves the ability of the isolated cells to 
respond to changes in glucose concentration. Other 
methods for culturing pancreatic cells are disclosed in s 
Amsterdam et al. f J. Cell Biol. 63: 1037-1073 (1974); 
Amsterdam et al. ( Proc. Natl. Acad. Sci. USA 69:3028- 
3032 (1972), Ciba Foundation Symposium on the Exo- 
crine Pancreas, Reuck and Cameron, ed., p. 23-49 (J. 
and A. Churchill Ltd., London 1962); and Howard et al w 
J. Cell Biol. 35: 675-684 (1967). 

Sensory cells in taste buds have also been shown 
to respond to fluctuations in glucose concentrations. 
Ozeki, J. Gen. PhysioL 58:688-699 (1971); Avenet et al., 
J. Membrane Biol. 97223-240 (1987); Tonosaki et al.; is 
Brain Research 445:363-366 (1988). Taste cells show, 
particular advantage for systems of the present invention 
because under suitable conditions such cells regenerate 
every few days by continuous division. Thus, prolonged 
growth of these cells when implanted is more readily sus- 20 
tained. Taste cells can be removed from a patient with 
only minor surgery, grown in culture to obtain a sufficient 
number of cells and then implanted. The ability to use a 
patient's own cells also reduced the likelihood of immu- 
nologic reactions to the implant. Taste cells can be iso- 2s 
lated according to the methods of the publications cited 
above or by any other method which preserves the ability 
of the cells to respond to change in glucose concentra- 
tion. 

Alpha cells from the pancreas have also been shown 30 
to be sensitive to glucose concentrations in the surround- 
ing medium. Sonerson et aL, Diabetes 32:561 -567 
(1983). Transformed cell lines, such as the insulin pro- 
ducing line disclosed in U.S. Patent No! 4,332,893, and 
hybridoma lines can also be used. Any electrical activity 3s 
associated with the response by alpha cells or trans- 
formed lines to glucose can be harnessed in practicing 
the present invention. 

Many methods are known for implanting beta cells 
in human tissues. Altman et al., Diabetes 35:625-633 ao 
(1986); Ricordi et aL, Diabetes 35:649-653 (1986); 
Brown et al., Diabetes 25:56-64 (1976); Schmidt et al ' 
Diabetes 32:532-540 (1983). Other means for encapsu- 
lating living cells are disclosed in U.S. Patent Nos 
4,663,286, 4,409,331 , 4,352,883, 4,798,786, 4,689,293 45 
and 4,353,888. Although the implanted cells of ' the 
present invention need not necessarily be encapsulated, 
any of these methods can be employed to produce an 
implantable capsule where such is used. The method of 
Altman et al. is preferred. The Altman capsule is a thin so 
walled (about 1 00 microns thick) tube or elongated pellet 
made of a polyvinyl chloride acrylic copolymer, with a 
diameter of about 1 mm. These dimensions are preferred 
to maintain proper diffusion to all cells! The molecular- 
weight cut off of the Altman et al. capsule membrane was 55 
approximately 50,000. In preferred embodiments of the 
present invention, the cut off is less than 50,000 and 
most preferably between 1 ,000 and 10,000. 



The capsule serves two basic functions. First, it 
serves as a barrier that prevents the cells from migrating 
away, while nutrients and waste products are free to dif- 
fuse through the capsule. Second, it serves to prevent 
antibodies and other, large molecules from leaving or 
entering the capsule, for example, to prevent immuno- 
logical reactions. The capsule also allows the use of glu- 
cose sensitive tumor cell lines as sensor cells which must 
be contained to prevent proliferation. Any material which 
will provide these functions can be used to form capsules 
containing glucose sensitive cells. 

In some embodiments, while not significantly inter- 
fering with production and detection of cellular electrical 
activity, the capsules are equipped with means for aiding 
detection of cellular electrical activity, such as electrodes 
or conducting bars that short-circuit the cell electric activ- 
ity with the outside. The capsules are also preferably 
implanted in clusters so as to ensure a detectable signal 
even if one or more capsules becomes disfunctional. The 
capsules may also contain means to fix them in the 
desired location or materials useful for determining the 
location of the capsules, such as radio-opaque materi- 
als. 

Where the electrical activity is too low to be detected 
through th body surface without amplification or where 
the electrical activity is to be harnessed to drive an insulin 
pump, electrodes are placed on the inside of the capsule 
such that a potential difference can be measured across 
the electrodes which corresponds to the electrical activ- 
ity of the cells inside the capsule. To prevent cell damage, 
these should be made from an inert metal, such as those 
commonly used in a variety of implants. See for example, 
"Cardiac Pacing and Physiology," Proceedingsof the VII- 
Ith World Symposium on Cardiac Pacing and Electro- 
physiology, Jerusalem, Israel, June 2-11, 1987, ed. 
Belhiassen et al., (Keterpress Enterprises, Jerusalem); 
IEE Trans. Biomed. Eng. 34:664-668 (1 987); and J. Am! 
Coll. Cardiol. 11:365-370 (1988). Since these electrodes 
are used for signal pickup only and not for electric stim- 
ulation, their functional lifetime should be practically 
indefinite. The electrodes are connected by insulated 
wires to an implanted signal pickup device for processing 
and amplification or to the insulin pump. 

First, where the electrical activity of the implanted 
cells generates electrical signals strong enough to be 
picked up from the external body surface by electrodes 
(as in EEG or ECG), the capsules are implanted near the 
surface of the skin where the skin is very thin and the 
location convenient. As shown in Fig. 6B, the signal is 
then detected by the external signal sensor. Alternatively, 
where the electrical activity is too small to be picked up 
by external means, electrodes are introduced into the 
capsule and connected to the implanted . signal pickup 
device as shown in Figure 6A. In this case the capsule 
implantation can be done anywhere in the body, for 
example, the peritoneal cavity where implantation is rel- 
atively easy and vascularization is adequate. 

The basis components of the implanted signal 
pickup device are shown in Fig. 5. Basically, the device 
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resembles implanted pacemakers in its external surface 
property. It can contain some or all "of the following ele- 
ments as necessary to provide a processed signal which ' 
is suitable for transmission or other desired use: 

5 

1. Inputs connected to the electrodes inside the 
implanted capsules. 

2. A number of low noise, high input impedence dif- 
ferential preamplifiers corresponding to the number 

of capsules. Preferably, each capsule is connected 10 
to a single differential input amplifier. 
- 3. Band pass filters at the outputs of the amplifiers. 
In certain embodiments, each amplifier may be con- 
nected through two filters, one designed to pass only 
the spikes (action potentials) while the other will is 
pass only the very slow potential shifts associated . 
with each burst of activity. 

4. An integrating amplifier or microprocessor that 
sums up the output of all the preamplifiers. 

5. A coding and modulating microprocessor that 20 
processes the summed signal so as to be best suit- 
able for transmission across the skin, such as FM 
modulation. 

6. A power amplifier that boosts the processed sig- 
nal and is connected to the transmitter that sends 
the processed signal through the skin. 

There are two preferred alternative modes of trans- 
mission of the data from the internal implanted amplifier 
across the skin to the external sensor. In the first after- 
native, the amplifier is driven by low amplitude local cur- 
rents by means of a pair of electrodes implanted under 
the skin. The electric field thus created is similar to those 
generated by the heart (such as in ECG measurement) 
and can be detected similarly by external electrodes. AC 
modulation of these currents will prevent local tissue 
stimulation, electrode polarization, and the like. In the 
second alternative, the output of the amplifier is fed, after 
proper modulation, to an induction coil or a coupling 
capacitive signal transferer. This coil generates an 
eletromagnetic field that is picked up by a similar exter- 
nally positioned coil. Other means for transmitting a sig- 
nal across the tissue barrier will be apparent to skilled 
artisans and may be used in practicing the present inven- 
tion. 

The signal from the capsules or the transmitter of 
the signal pickup device is detected by an external signal 
sensor. Trie basic components of the signal sensor are 
shown in Figs. 4 and 6. In certain embodiments, the sig- 
nal sensor can include one or more of the following ele- 
ments: 

1 . A sensor, such as an electrode coil or other means 
suited to detect the electrical or optical signal trans- 

. mitted through the body surface. 

2. A preamplifier connected to the sensors (which 
may not be necessary where the signal is already 
amplified before transmission across the skin bar- 
rier). 



3. A filter for external noise reduction. 

4. A demodulator - decoding microprocessor that 
separates the signals from their FM carrier or other 
modulation means when such a mode of transmis- 
sion is used. 

5. A signal processor that utilizes the appropriate 
algorithms and programmed information relating to 
glucose concentration to translate the transmitted 
signal into the corresponding glucose concentration. 

The processed and decoded signal corresponding 
to determined glucose concentration is then passed on 
to means for outputting such information in the desired 
manner. For example, the concentration information can 
be presented as a digital readout in the form of a digital 
display on the probe itself or a display and printout in an 
associated device. A memory may be used to save the 
glucose values obtained during continuous or frequent 
glucose level monitoring. Such information including 
integretated glucose levels may also be used for deter- 
mination of the correct amounts of insulin or insulin like 
drugs to be taken by the patient or determining patient 
diet. Such information can be displayed for patient use 
or as an input to an automated insulin infusion device. 

A calibration system can also be associated with the 
system of the present invention. Since the exact depend- 
ency of electrical activity of the implanted cells on glu- 
cose concentration may vary with time, a means for 
recalibration of the system is provided. Upon calibration 
the external device or probe is put into calibration mode. 
The current blood glucose level, as determined by a. 
blood sample or other reliable means is fed manually (or 
automatically) to the calibration circuit that will reset the 
proper parameters of the concentration determining 
algorithms. A second glucose determination maybe nec- 
essary at times to obtain two points on the calibration 
curve. Calibrations can be performed as frequently or 
infrequently as necessary to achieve and maintain the 
desired degree of accuracy in glucose level determina- 
tion. 

As shown in Fig. 7, in certain embodiments the proc- 
essed signal is used to control an implanted insulin 
pump. By means of the controller the pump output is kept 
relatively consistent with the blood glucose levels thus 
allowing the pump to more closely mimic the human pan- 
creas. Most commercially available implantable pumps 
can be adapted for such use giving the pump similar 
properties to those of the beta cells. 

An alternate embodiment of a system of the present 
invention converts the electrical activity of the glucose 
sensitive cells into an optical signal. Direct changes in 
cell optical properties resulting from electrical activity 
can be measured as an optical signal. Alternatively, bio- 
compatible dyes which are sensitive to electric fields can 
be incorporated into the cell membranes and subjected 
to the membrane potential or electric field. Dyes useful 
for practicing this embodiment are disclosed in Grinvald 
et al., Physiol. Rev. 68:1285-1366 (1988) and Gross et 
aL. Biophys. J. 50:339-348 (1986). Other suitable dyes 
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include those commercially available from Molecular 
Probes, Inc., Eugene, Oregon. The changes in the mem- 
brane potential induce changes in the optical properties 
of untreated cells or dyed cells, for example, in the optic 
density, fluorescence or birefringence of the cell mem- s 
brane. Thus, the action potential or electric spikes that 
the cells generate in response to glucose concentration 
induce changes in the optical properties of the cells (i.e., 
they generate optical signals). These signals are picked 
up by an implanted or external optical sensor In certain w 
embodiments, the cells are implanted such that a trans- 
parent body surface, such as thin skin layers or finger- 
nails separates them from the outside world. In optical 
signal embodiments, if a capsule is used, it must be con- 
structed from a material through which the optical J5 
changes can be stimulated and measured (e.g., practi- 
cally all thin plastics). One such implanatation of cells is 
shown in Fig. .8. As shown an external optical sensor 
monitors the cell activity and translates it into glucose = 
concentration data. The external sensor can include a 20 
light source of the proper wavelength to excite the dyes 
or to be reflected from the cell surfaces and other com- 
ponents previously described for the eternal electrical 
signal sensor for processing, decoding and outputting 
the signal. Alternatively, the optical sensing components 2 s 
can be implanted such that an electrical signal, corre- 
sponding to the optical signal, is produced which can be 
detected or transmitted through the skin. 



Claims 
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1 . A system for monitoring glucose levels in a patient's 
body tissues, said system comprising : 

implantable glucose-sensitive living cells 
capable of producing an electrical or optical signal 35 
in response to the glucose concentration in the 
medium surrounding said cells in the patient; and 
means located externally to the living cells for non- 
invasively detecting said electrical or optical signal. 

40 

2. The system of Claim 1 wherein said signal is an elec- 
trical signal, 

3. The system of Claim 2 wherein said cells are con- 
tained in a capsule and wherein the means for 45 
detecting said electrical or optical signal comprises 
collecting means in said capsule for collecting said 
electrical signal from said cells. 

4. The system of Claim 3 wherein said collecting so 
means are metal electrodes in contact with said cells 
such that said signal can be measured as a potential 
difference between said electrodes. 

5. The system of Claim 4 wherein the means for detect- 55 
ing said electrical signal further comprises an 
implantable signal pickup device connected to said 
electrodes for processing said signal for transmis- 
sion. 



6. The system of Claim 5 wherein the means for detect- 
ing said electrical signal further comprises transmis- 
sion means connected to. said pickup device for 
transmitting said processed signal through a body 
surface. 

7. The system of Claim 1 wherein said signal is optical. 

8. The system oi Claim 7 wherein said signal results 
from changes in the optical qualities of said cells. 

9. The system of Claim 8 wherein said optical qualities 
are changed by dyes in or on the membranes of said 
cells that are affected by changes in the membrane 
potential of said rriembranes. 

1 0. The.system of Claim 8 wherein the means for detect- 
ing said optical signal comprises an implantable 
optical sensing device positioned with respect to 
said cells so as to detect and process said signal for 
transmission. 

11. The system of Claim 10 wherein the means for 
detecting said optical signal further comprises trans- 
mission means connected to said implantable opti- 
cal sensing device for transmitting said processed 
signal through a body surface. 

1 2. The system of Claims 6 or 1 1 wherein the means for 
detecting said electrical or optical signal comprises 
sensor means for detecting said transmitted signal 
through said body surface and for correlating said 
transmitted signal to said glucose concentration. 

1 3. The system of Claim 12 wherein said sensor means 
comprises: 

detector means for detecting said transmitted 
signal; processor means connected to said detector 
means for correlating said transmitted signal to said 
glucose concentration; and 

output means connected to said processor 
means for reporting said glucose concentration. 

14. The system of Claim 5 further comprising an insulin 
pump connected to said pickup device such that said 
pump delivers a dosage of insulin appropriate to said 
glucose concentration. 

1 5. The system of Claim 1 0 further comprising an insulin 
pump connected to the implantable optical sensing 
device of the means for detecting said optical or 
electrical signal such that said pump delivers a dos- 
age of insulin appropriate to said glucose concen- 
tration. 

16. The system of Claim 1 wherein said cells are 
selected from the group comprising beta cells, alpha 
cells and taste cells. 
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1 7. The system of Claim 1 6 wherein said cells are beta (c) electrodes within the membrane and located 
cel,s - externally to the living cells for non-invasively 

measuring the potential difference correspond- 

18. A method of monitoring the glucose level in a ' ing to the electrical activity of the cells; 



patients body tissues, said method comprising: 

the use of implantable glucose-sensitive liv- 
ing cells capable of producing an electrical or optical 
signal in response to glucose concentration in the 
medium surrounding said cells in the patient; 

detecting said signal by means located exter- 
nally to the living cells for non-invasive detection of 
said signal; and 

correlating said signal with said glucose con- 
centration. 

19. The method of Claim 18 wherein said signal is 
detected through a body surface by an external sig- 
nal sensor. 

20. The method of Claim 1 9 wherein said signal is proc- 
essed by said sensor and . correlated with said cor- 
responding glucose concentration. 

21. The method of Claim 18 wherein the electrical or 
optical signal is detected by an implantable signal 
pickup device that processes said signal for trans- 
mission through a body surface. 

22. The method of Claim 21 wherein said processed sig- 
nal is transmitted through said body surface and is 
sensed externally thereof. 

23. The method of Claim 22 wherein said transmitted 
signal is correlated with said corresponding glucose 
concentration. 

24. The method of claim 18, wherein said method fur- 
ther comprises the step of administering a dosage 
of insulin at a level appropriate to said glucose con- 
centration. 

25. The method of Claim 24 wherein said dosage is 
administered by an implantable insulin pump. 

26. The system of claim 1, wherein said system com- 
prises a capsule implantable in a patient's body, said 
capsule comprising a thin walied tube or a pellet and 
being constituted of: 

(a) glucose-sensitive living cells capable of pro- 
ducing an electrical signal in response to the 
glucose concentration in the medium surround- 
ing the capsule in.the patient; 

(b) a membrane enclosing the cells, the mem- 
brane being impermeable to the cells and any 
antibodies and large molecules to prevent 
immunological reactions, and being permeable 
to nutrients for and waste products from the 
cells to maintain viability of the cells; and 



5 

the dimensions of the capsule being strfftd ent to per- 
. mit implantation in the patient's body and diffusion 
between the cells and the medium surrounding the 
capsule in the body. 

10 

27. The system as defined in Claim 26 wherein the cap- 
sule comprises a thin walled tube. . 

28. The system as defined in Claim 26 wherein the cap- 
15 • sule comprises a pellet made of polyvinyl chloride 

acrylic copolymer. 

29. The system as defined in Claim 26 wherein the glu- 
cose-sensitive living cells are selected from the 

20 group consisting of beta cells, sensory cells, alpha 
cells, and combinations thereof. 

30. The system as defined in Claim 26 wherein the elec- 
trodes comprise an inert metal. 

25 

31. The system as defined in Claim 26 wherein the 
membrane has a molecular weight cut-off not 
greater than about 50,000. 

30 32. The system of claim 1, wherein said system com- 
prises an implantable in a patient's body, said cap- 
sule comprising a thin walled tube or a pellet and 
being constituted of: 

35 (a) glucose-sensitive living cells capable of pro- 

ducing an electrical signal in response to the 
glucose concentration in the medium surround- 
ing the capsule in the patient; s 
(b) a membrane enclosing the cells, the mem- 
*o brane being impermeable to the cells and any 

antibodies and large molecules to prevent 
immunological reactions, and being permeable 
to nutrients for and waste products from the 
cells to maintain viability of the cells; and 
45 (c) means for shorting out the interior of the cap- 

sule with respect to the exterior of the capsule 
such that electrical activity of the cells is dissi- 
pated in the exterior; 

so the dimensions of the capsule being suff id ent to per- 
mit implantation in the patient's body and diffusion 
between the cells and the medium surrounding the 
capsule in the body. 

55 33. The system as defined in Claim 32 wherein the cap- 
sule comprises a pellet made of polyvinyl chloride 
acrylic copolymer. 
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34. The system as defined in claim 32, wherein the cap- 
sule comprises a thin walled tube. . 

35. The system as defined in Claim 32 wherein the glu- 
cose-sensitive living cells are selected from the 
group consisting of beta cells, sensory cells, alpha 
cells, and combinations thereof. 

36. The system as defined in Claim 32 wherein the 
membrane has a molecular weight cut-off not 
greater than about 50,000. 

37. The system of claim 1, wherein said system com- 
prises a capsule implantable in a patient's body, said 
capsule comprising a thin walled tube or a pellet and 
being constituted of: 

(a) glucose-sensitive living cells capable of pro- 
ducing an electrical signal in response to the 
glucose concentration in the medium surround- 
ing the capsule in the patient; 

(b) a cellular membrane surrounding each cell, 
said cellular membrane containing or being 
coated with at least one dye whose optical prop- 
erties are changed by the electrical signal pro- 
duced by said cells, and 

(c) the second membrane being impermeable 
to the cells and any antibodies and large mole- 
cules to prevent immunological reactions, and 
being permeable to nutrients for and waste 
products from the cells to maintain viability of 
the cells; the dimensions of the capsule being 
sufficient to permit implantation in the patient's 
body and diffusion between the cells and the 
medium surrounding the capsule in the body. 

38. The system as defined in Claim 37 wherein the cap- 
sule comprises a thin wailed tube. 

39. The system as defined in Claim 37 wherein the cap- 
_sule .comprises a pellet made of polyvinyl chloride 

acrylic copolymer. 

40. The system as defined in Claim 37 wherein the glu- 
cose-sensitive living cells are selected from the 
group consisting of beta cells, sensory cells, alpha 
cells, and combinations thereof. 

41. The system as defined in Claim 37 wherein the 
membrane has a molecular weight cut-off not 
greater than about 50,000.- 

Patentanspriiche 

1 . Ein System zur Uberwachung des Glukosespiegels 
im KOrpergewebe eines Patienten, wobei das 
System implantierbare, glukoze-empfindliche, 
lebende Zellen, die imstande sind ein elektrisches 
oder optisches Signal zu produzieren in Antwort auf 



die Glukozekonzentration in dem Medium, das die 
Zellen im Patienten umgibt und ein auBerhalb der 
lebenden Zellen gelegenes Mittel zum nicht eindrin- 
genden Detektieren des elektrischen oder opti- 
5 schen Signals enthait. 

2. Das System gemaB Anspruch 1 , wobei das Signal 
ein elektrisches Signal ist. 

w 3. Das System gemaB Anspruch 2, wobei die Zellen in 
einer Kapsel enthalten sind und wobei das Mittel fur 
das Detektieren des elektrischen oder optischen 
Signals ein Auffangrnittel in der Kapsel fur das Auf- 
fangen des elektrischen Signals aus den Zellen ent- 

?5 halt. 

4. Das System gemaB Anspruch 3, wobei das Auffang- 
rnittel mit den Zellen in Verbindung stehenden 
Metalelektroden ist, derart, daB das Signal als einen 

20 Potentialdifferenz zwischen den Elektroden gemes- 
sen werden kann. 

5. Das System gemaB Anspruch 4, wobei das Mittel 
fur das Detektieren des elektrischen Signals ferner 

25 eine implantierbare Signalempfangsvorrichtung 
enthait, die fur das Verarbeiten des Signals zur 
Ubertragung mit den Elektroden verbunden ist. 

6. Das System gemaB Anspruch 5, wobei das Mittel 
30 fur das Detektieren des elektrischen Signals ferner 

ein Ubertragungsmittel enthait, das mit der Emp- 
fangsvorrichtung verbunden ist zur Ubertragung des 
verarbeiteten Signals durch eine Korperoberf lache. 

35 7. Das System gemaB Anspruch 1 , wobei das Signal 
optischist. 

8. Das System gemaB Anspruch 7, wobei das Signal 
aus Veranderungen in den optischen Eigenschaften 
40 der Zellen resultiert 



9. Das System gemaB Anspruch 8, wobei die opti- 
schen Eigenschaften durch Farbstoffe in oder auf 
den Membranen der Zellen, die durch die Verande- 

45 rungen in dem Membranpotential der Membrane 
beeinfluBt werden, yerandert werden. 

10. Das System gemaB Anspruch 8, wobei das Mittel 
fur das Detektieren des optischen Signals eine 

so implantierbare optische Sensorvorrichtung enthait, 
die urn das Signal fur Ubertragung zu detektieren 
und zu verarbeiten im Verhaitnis zu den Zellen auf- 
gestellt ist. 

55 11. Das System gemaB Anspruch 10, wobei das Mittel 
fur das Detektieren des optischen Signals terner ein 
Ubertragungsmittel enthait, das mit der implantier- 
baren, optischen Sensorvorrichtung zur Ubertra- 
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gung des verarbeiteten Signals durch eine 
KSrperoberf lache verbunden ist. 

1 2. Das System gemaB Anspruch 6 oder 1 1 , wobei das 
Mittel fur das Detektieren des elektrischen oder opti- 
schen Signals Sensormittel fur das Detektieren des 

. ubertragenen Signals durch die.Kerperoberfiache 
und fur das Korrelieren des Obertragenen Signals 
mit der Glukozekonzentration enthalt. 

13. Das System gemaB Anspruch 12, wobei das Sen- 
sormittel enthalt ein Detektormittel fur das Detektie- 
ren des ubertragenen Signals; ein Prozessormittel, 
das mit dem Sensormittel verbunden ist zum Korre- 
lieren des ubertragenen Signals mit der Glukoze- 
konzentration; und ein Ausfuhrmittel, das mit dem 
Prozessormittel verbunden ist zum Berichten der 
Glukozekonzentration enthalt. 

14. Das System gemaB Anspruch 5, das weiter eine 
Insulinpumpe enthalt. die mit der Empfangsvorrich- 
tung in der Weise verbunden ist. daB die Pumpe eine 
Dosis Insulin entsprechend der Glukozekonzentra- 
tion abgibt 

15. Das System gemaB Anspruch 10, das weiter eine 
Insulinpumpe enthalt, die mit der implantierbaren, 
optischen Sensorvorrichtung des Mittels fur das 
Detektierendes optischen oder elektrischen Signals 
in der Weise verbunden ist, daB die Pumpe eine 
Dosis Insulin entsprechend der Glukozekonzentra- 
tion abgibt. 

16. Das System gemaB Anspruch 1, wobei die Zellen 
aus der Gruppe die Beta-, Alpha- und Geschmacks- 
zellen enthalt, gewahlt werden. 

17. Das System gemaB Anspruch 16, wobei die Zellen 
Betazellen sind. 

18. Ein Verfahren um den Glukozespiegel in dem K6r- 
pergewebe eines Patienten zu uberwachen, wobei 
dieses Verfahren den Gebrauch von implantierba- 
ren, glukoze-empfindlichen, lebenden Zellen, die 
imstande sind ein elektrisches oder optisches 
Signal zu produzieren in Antwort auf die Glukoze- 
konzentration in dem Medium, das die Zellen im 
Patienten umgibt, das Detektieren des Signals 
durch ein Mittel, das auBerhalb der lebenden Zellen 
gelegen ist, fur die nicht eindringende Detektieren 
des Signals; und das Korrelieren des Signals mit der 
Glukozekonzentration, 

enthalt. 

19. Das Verfahren gemaB Anspruch 18, wobei das 
Signal durch eine KGrperoberfiache mittels eines 
externen Signal-sensors detektiert wird. 



20. Das Verfahren gemaB Anspruch 19, wobei das 
Signal durch den Sensor verarbeitet wird und mit der 
entsprechenden Glukozekonzentration korreliert 
wird. 

5 

21 . Das Verfahren gemaB Anspruch 1 8, wobei das elek- 
trische oder optische Signal durch eine Signalemp- 
fangsvorrichtung detektiert wird. die das Signal zur 
Ubertragung durch eine KGrperoberfiache verarbei- 

10 let 

22. Das Verfahren gemaB Anspruch 21 , wobei das ver- 
arbeitete Signal durch die Kprperoberfiache uber- 
tragen wird und auBerhalb dessen erfaBt wird. 

15 

23. Das Verfahren gemaB Anspruch 22, wobei das uber- 
tragene Signal mit der entsprechenden Glukozekon- 
zentration korreliert wird. 

20 24. Das Verfahren gemaB Anspruch 18, wobei dieses 
Verfahren ferner den Schritt der Verabreichung einer 
Dosis Insulin enthalt, bei einem Spiegel der der Glu- 
kozekonzentration entspricht. 

25 25. Das Verfahren gemaB Anspruch 24, wobei die Dosis 
durch eine implantierbare Insulinpumpe verabreicht 
wird. 

26. Das System gemaB Anspruch 1 , wobei das System 
30 eine Kapsel enthalt, die in einem PatientenkGrper 
implantierbar ist, wobei die Kapsel ein dunwandiges 
Rohr oder eine Tablette umfaBt und gebildet wird 
aus: 

35 (a) glukoze-empfindlichen, lebenden Zellen, die 

imstande sind ein elektrisches oder optisches 
Signal zu produzieren in Antwort auf die Gluko- 
. zekonzentration in dem Medium, das die Zelien 
im Patienten umgibt; 

40 

(b) einer den Zellen umgebehden Membran, 
wobei die Membran, um immunologische Reak- 
tionen zu verhindern, fur die Zellen und fur 
etwaige Antik6rper und fur groBe Molekule 
45 impermeabel ist, und fur Nahrmittei und Abfall- 

produkte aus den Zellen permeabel ist, um die 
Lebensfahigkeit der Zellen aufrechtzuerhalten; 
und 

50 (c) Elektroden innerhalb der Membran und 

auBerhalb der lebenden Zellen gelegen, umdie 
Potentialdifferenz gemaB der elektrischen Akti- 
vitat der Zelien nicht-eindringend.zu messen; 

55 wobei die Abmessungen der Kapsel ausreichen um 
das Implantieren im Patientenkorper und die Diffu- 
sion zwischen den Zellen und dem Medium, wel- 
ches die Kapsel im KOrper umgibt, zu erm6glichen. 
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27. Das System gemaB Anspruch 26, wobei die Kapsel 
ein dunwandiges Rohr enthait. 

28. Das System gemaB Anspruch 26, wobei.die Kapsel 
eine aus Polyvinylchloridacrylatcopolymer beste- s 
hende Tablette enthait 



29. Das System gemaB Anspruch 26, wobei die glu- 
koze-empfindlichen, lebenden Zellen aus der 
Gruppe bestehend aus Betazellen, sensorischen 
Zellen, Alphazellen, und Zusammensetzungen 
davon, ausgewahlt werden. 



30. Das System gemaB Anspruch 26, wobei die Elek- 
troden ein inertes Metall enthalten. 

31. Das System gemaB Anspruch 26, wobei die Mem- 
bran eine molekulare Gewichtsabsperrung hat, die 
nicht grOBer ist a!s etwa 50.000. 

32. Das System gemaB Anspruch 1 , wobei das System 
eine Kapsel enthait, die in einem Patientenkorper 
implantierbar ist, wobei die Kapsel ein dunwandiges 
Rohr oder eine Tablette umfaBt und gebildet ist aus: 
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(a) glukoze-empfindlichen, lebenden Zellen, die 
imstande sind ein elektrisches Signal in Antwort 
auf die Glukozekonzentration in dem Medium, 
das die Kapsel im Patienten umgibt, zu produ- 
zieren; 30 

(b) einer den Zellen umgebenden Membran, 
wobei die Membran fur die Zellen und fur 
etwaige AntikOrper und fur groBe Molekule 
impermeabel ist, um immunologische Reaktio- 35 
nen zu verhindern, und fur Nahrmittel und 
Abfallprodukte aus den Zellen permeabel ist. 

um die Lebensfahigkeit der Zellen aufrechtzu- 
erhalten;und 



40 



45 



_ (c) Elektroden Jnnerhalb der Membran und 
auBerhalb der lebenden Zellen gelegen, um die 
Potentialdifferenz gemaB der elektrischen Akti- 
vitat der Zellen nicht-eindringend zu messen; 



wobei die Abmessungen der Kapsel ausreichen um 
das Implantieren im PatientenkOrper und die Diffu- 
sion zwischen den Zellen und dem Medium, wel- 
ches die Kapsel im KOrper umgibt, zu ermOglichen. 

33. Das System gemaB Anspruch 32, wobei die Kapsel 
eine aus Polyvinylchloridacrylatcopolymer beste- 
hende Tablette enthait. 



34. Das System gemaB Anspruch 32, wobei die Kapsel 55 
ein dunwandiges Rohr enthait. 

35. Das System gemaR Anspruch 32, wobei die glu- 
koze-empfindlichen, lebenden Zellen aus der 
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Gruppe bestehend aus Betazellen, sensorischen 
Zellen, Alphazellen, und Zusammensetzungen 
davon, ausgewahlt werden. 

36. Das System gemaB Anspruch 32, wobei die Mem- 
bran eine molekulare Gewichtsabsperrung hat, die 
nicht groBer ist als etwa 50.000. 

37. Das System gemaB Anspruch 1 , wobei das System 
eine Kapsel enthait, die in einem Patientenkorper 
implantierbar ist, wobei die Kapsel ein dunwandiges 
Rohrchen oder eine Tablette umfaBt und gebildet 
wirdaus: 

(a) glukoze-empfindlichen, lebenden Zellen, die 
imstande sind ein elektrisches Signal in Antwort 
auf die Glukozekonzentration in dem Medium, 
das die Kapsel im Patienten umgibt, zu produ- 
zieren; 

(b) einer zelligen Membran, die jede Zelle 
umgibt, wobei die zellige Membran zumindest 
einen Farbstoff enthait oder damit beschichtet 
ist, wessen pptische Eigenschaften durch das 
elektrische Signal, das durch die Zellen produ- 
ziert wird, verandert werden, und 

(c) wobei die zweite Membran fur die Zellen und 
fur etwaige Antikdrper und fur groBe Molekule 
impermeabel ist, um immunologische Reaktio- 
nen zu verhindern, und fur Nahrmittel und 
Abfallprodukte aus den Zellen permeabel ist, 
um die Lebensfahigkeit der Zellen aufrechtzu- 
erhalten; wobei die Abmessungen der Kapsel 
ausreichen um das Implantieren im Patienten- 
korper und die Diffusion zwischen den Zellen 
und dem Medium, welches die Kapsel im K0r- 
per umgibt, zu ermOglichen. 

38. Das System gemaB Anspruch 37, wobei die Kapsel 
ein dunwandiges Rohr enthait. • • 

39. Das System gemaB Anspruch 37, wobei die Kapsel 
eine aus Polyvinylchloridacrylatcopolymer beste- 
hende Tablette enthait. 

40. Das System gemaB Anspruch 37, wobei die glu- 
koze-empfindlichen, lebenden Zellen aus der 
Gruppe bestehend aus Betazellen, sensorischen 
Zellen, Alphazellen, und Zusammensetzungen 
davon, ausgewahlt werden. 

.41. Das System gemaB Anspruch 37, wobei die Mem- 
bran eine molekulare Gewichtsabsperrung hat, die 
nicht grOBer ist als etwa 50.000. 
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Revendications 

1 . Systeme de surveillance des niveaux de glucose 
dans les tissus du corps d'un patient, ledit systeme 
comprenant: . s 

des cellules vivantes implantables serisibles 
au glucose, capables de produire un signal electri- 
que ou optique en reponse a la concentration en glu- 
cose dans le milieu environnant lesdites cellules 
dans le patient ; et un moyen place a I'exterieur des io 
cellules vivantes pour la detection sans intrusion 
. dudit signal electrique ou optique. 

2. Systeme selon la revendication 1 , dans lequel ledit 
signal est un signal electrique. 15 

3. Systeme de la revendication 2, dans lequel lesdites 
cellules sont contenues dans une capsule, et dans 
lequel le moyen de detection dudit signal electrique 

ou optique comprend des moyens de collecte dans 20 
ladite capsule pour la collecte dudit signal electrique 
emanant desdites cellules. 

4. Systeme selon la revendication 3, dans lequel les- 
dits moyens de collecte sont des Electrodes metal- 25 
liques en contact avec lesdites cellules,, de telle 
sorte que ledit signal peut etre mesurE sous la forme 
d'une difference de potentiel entre lesdites Electro- 
des. 

30 

5. Systeme selon la revendication 4, dans lequel le 
moyen de detection dudit signal electrique com- 
prend en outre un dispositif capteur de signaux 
implantable, connects auxdites Electrodes pour le . 
traitement dudit signal pour sa transmission. 35 

6. Systeme selon la revendication 5, dans lequel le 
moyen de detection dudit signal electrique com- 
prend en outre un moyen de transmission connects 
audit dispositif capteur,. pour transmettre ledit signal 40 
traite au travers de la surface d'un corps. 

7. Systeme selon la revendication 1, dans lequel ledit 
signal est optique. 

45 

8. Systeme selon la revendication 7, dans lequel ledit 
signal est le resurtat de modifications dans les carac- 
teristiques optiques desdites cellules. 

9. Systeme selon la revendication 8, dans lequel les- so 
dries caractEristiques optiques sont modifiees par 
des colorants dans ou sur les membranes desdites 
cellules, qui sont affectEes par les modifications du 
potentiel de membrane desdites membranes. 

55 

10. Systeme selon la revendication 8, dans lequel le 
moyen de dEtection dudit signal optique comprend 
un dispositif de lecture optique implantable posi- 



tionnE par rapport auxdites cellules de fa$on a 
detect er et a traiter ledit signal pour sa transmission. 

11. Systeme selon la revendication 10, dans lequel le 
moyen de detection dudit signal optique comprend 
en outre un moyen de transmission connectE audit 
dispositif de lecture optique implantable, pour trans- 
mettre ledit signal traite au travers de la surface d'un 
corps. 

12. Systeme selon les revendications 6 ou 11. dans 
lequel le moyen de detection dudit signal electrique 
ou optique comprend un moyen de lecture pour 
dEtecter ledit signal transmis au travers de ladite sur- 
face d'un corps, et pour mettre ledit signal transmis 
en cdrrElation avec ladite concentration en glucose. 

1.3. Systeme selon la revendication 12, dans lequel ledit 
moyen de lecture comprend : 

un moyen de detection pour detecter ledt 
: signal transmis 

un moyen de traitement de I'information con- 
nectE audit moyen de dEtection pour mettre ledit 
signal transmis en corrElation avec ladite concentra- 
tion en glucose ; et 

un moyen de sortie connectE audit moyen de 
traitement de rinformation pour rendre compte de 
ladite concentration en glucose. 

14. Systeme selon la revendication 5, comprenant en 
outre une pompe a insuline connectee audit dispo- 
sitif capteur de telle sorte que ladite pompe fournit 
une dose d'insuline appropriee a ladite concentra- 
tion en glucose. 

15. Systeme selon la revendication 10 comprenant en 
outre une pompe a insuline connectee au dispositif 
de lecture optique implantable du moyen de dEtec- 
tion dudit signal optique ou Electrique, de telle sorte 
que ladite pompe fournit une dose d'insuline appro- 
priEe a ladite concentration en glucose. 

1 6. Systeme de la revendication 1 , dans lequel lesdites 
cellules sont sElectionnEes a partir d'un groupe 
comprenant des cellules beta, des cellules alpha, et 
des cellules sensorielles. 

17. Systeme selon la revendication 16, dans lequel les- 
dites cellules sont des cellules bEta. 

1 8. ProcedE pour le contr6le du niveau de glucose dans 
les tissus du corps d'un patient, ledit procEdE com- 
prenant: 

('utilisation de cellules vivantes implantables 
sensibles au glucose, capables de produire un 
signal electrique ou optique en rEponse a la concen- 
tration en glucose dans le milieu environnant lesdi- 
tes cellules dans le patient ; 

la dEtection dudit signal par un moyen placE 



12 



23 



EP 0 461 207 B1 



24 



a I'exterieur des cellules vivantes pour la detection, 
sans intrusion, dudit signal ; et 

la mise dudit signal en correlation avec ladite 
concentration en glucose. 

5 

19. Procede selon la revendication 18, dans lequel ledit 
signal est detects au travers de la surface d'un corps 
par un lecteur de signaux externa 

20. Procede selon la revendication 19, dans lequel ledit io 
signal est traite par ledit lecteur et mis en correlation 
avec ladite concentration en glucose correspon- 
dante. 

21. Procede selon la revendication 18, dans lequel le is 
signal eiectrique ou optique est detects par un dis- 
positif capteur de signaux implantable, qui traite ledit 
signal pour sa transmission a travers la surface d'un 
corps. 

20 

22. Procede selon la revendication 21 , dans lequel ledit 
signal traite est transmis a travers ladite surface d'un 
corps, et est lu a I'exterieur. 

23. Procede selon la revendication 22, dans lequel ledit 25 
signal transmis est mis en correlation avec ladite 
concentration en glucose correspondante. 

24. Procede selon la revendication 18, dans lequel 
ladite procede comprend en outre I'etape qui con- 30 
siste a administrer une dose d'insuline a un niveau 
approprie a ladite concentration en glucose. 

25. Procede selon la revendication 24, dans lequel 
ladite dose est administree par une pompe a insuline 35 
implantable. 

. 26. Systeme selon la revendication 1 , dans lequel ledit 
systeme comprend une capsule implantable dans le 
corps d'un patient, ladite capsule comprenant un 40 
. tube a paroi mince ou une pastille et £tant constitute 
de: 

(a) cellules vivantes sensibles au glucose, 
capables de produire un signal eiectrique en 45 

. rtponse a la concentration de glucose dans le 
milieu environnant la capsule dans le patient ; 

(b) une membrane enfermant les cellules, la 
membrane etant impermeable aux cellules et k 
tous anticorps et grosses molecules pour 50 
emp§cher des reactions immunologiques, et 
etant permeable aux substances nutritives des 
cellules, et aux dechets 6manant des cellules, 
pour maintenir la viabilite des cellules ; et 

(c) des electrodes k I'interieur de la membrane 55 
et placees k I'exterieur des cellules vivantes 
pour mesurer sans intrusion la difference de 
potentiel correspondant a I'activite eiectrique 
des cellules ; les dimensions de la capsule etant 



suffisantes pour permettre I 'implantation dans 
le corps du patient et la diffusion entre les cel- 
lules et le milieu environnant la capsule dans le 
. corps. 

27. Systeme selon la revendication 26,. dans lequel la 
capsule comprend un tube a paroi mince. 

28. Systeme selon la revendication 26. dans lequel la 
capsule comprend une pastille fahe d'un copoly- 
mer acrylique de polyvinylchlorure. 

29. Systeme selon la revendication 26, dans lequel les 
cellules vivantes sensibles au glucose sont seiec- 
tionnees a partir du groupe compose de cellules 
beta, cellules sensorielles, cellules alpha, et de com- 
binaisons entre elles. 

30. Systeme selon la revendication 26, dans lequel les . 
electrodes comprennent un metal inerte. 

31. Systeme selon la revendication 26, dans lequel la 
membrane presente une masse moiecuiaire critique 
ne depassant pas environ 50 000. ■ 

32. Systeme selon la revendication 1 , dans lequel ledit 
systeme comprend une capsule implantable dans le 
corps d'un patient, ladite capsule comprenant un 
tube k paroi mince ou une pastille et etant constitu6e 
de: 

(a) cellules vivantes sensibles au glucose, 
capables de produire uri signal eiectrique en 
reponse k la concentration de glucose dans le 
milieu environnant la capsule dans le patient ; 

(b) une membrane enfermant les cellules, la 
membrane etant impermeable aux cellules et a 
tous anticorps et grosses molecules pour 
empecher des reactions immunologiques, et 
etant permeable aux substances nutritives des 
cellules, et aux d6chets emanant des cellules, 
pour maintenir la viabilite des cellules ; et 

(c) un moyen pour.mettre Tinterieur de la cap- 
sule en court-circuit par rapport a I'exterieur de 
la capsule, de telle sorte que I'activite eiectrique 

. des cellules est dissipee ve?rs I'exterieur ; 

les dimensions de la capsule etant suffisan- 
tes pour permettre I'implantation dans le corps du 
patient et la diffusion entre les cellules et te milieu 
environnant la capsule dans le corps. 

33. Systeme selon la revendication 32, dans lequel la 
capsule comprend une pastille faite d'un copoly- 
mer acryljque de polyvinylchlorure. 

34. Systeme selon la revendication 32, dans lequel la 
capsule comprend un tube k paroi mince. 
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35. Systeme selpn la revendication 32, dans lequel les 
cellules vivantes sensibles au glucose sont selec- 
tionnees a parlir du groupe compose de cellules 
beta, cellules sensorielles, cellules alpha, et de corn- 
biriaisons entre elles. 5 

36. Systeme selon la revendication 32, dans lequel la 
membrane presente une masse moleculaire critique 
ne depassant pas environ 50 000. 
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37. Systeme selon la revendication 1 , dans lequel ledit 
systeme comprend une capsule implantable dans le 
corps d'un patient, ladrte capsule comprenant un 
tube a paroi mince ou une pastille et etant constituee 

(a) cellules vivantes sensibles au glucose, 
capables de produire un signal eiectrique en 
reponse a la concentration de glucose dans le 
milieu environnant la capsule dans le patient ; 20 

(b) une membrane cellulaire entourant chaque 
cellule, ladite membrane cellulaire contenant au 
moins un, et etant revetue d'au moins un colo- 
rant dont les propriftes optiques sont modif iees 
par le signal eiectrique produit par lesdites eel- 25 
lules, et 

(c) la seconde membrane etant impermeable 
aux cellules et a tous anticorps et grosses mole- 
cules pour empecher des reactions immunolo- 
giques, et etant permeable aux substances 30 
nutritives des cellules, et aux dichets emanant 
des cellules, pour maintenir la viabilrte des cel- 
lules ; les dimensions de la capsule etant suffi- 
santes pour permettre rimplantation dans le 
corps du patient et la diffusion entre les cellules 35 

. " et le milieu environnant la capsule dans le 
corps. 

38. Systeme selon la revendication 37, dans lequel la 
capsule comprend un tube a paroi mince. 40 

39. Systeme selon la revendication 37, dans lequel la 
capsule comprend une pastille faite d'un copoly- 
mere acrylique de polyvinylchlorure. 



45 



40. Systeme selon la revendication 37, dans lequel les 
cellules vivantes sensibles au glucose sont seiec- 
tionnees a pariir du groupe compose de cellules 
beta, cellules sensorielles, cellules alpha, et de com- 
binaisohs entre elles. 50 

41. Systeme selon la revendication 37, dans lequel la 
membrane presente une masse moleculaire critique 
ne depassant pas environ 50 000. 

55 
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